Role of endothelium in the endothelin-1-mediated potentiation of the norepinephrine response in the aorta of hypertensive rats.
To investigate the role of the endothelium in the functional interaction between endothelin-1 and norepinephrine in the contractile response of aortas from Wistar-Kyoto (WKY) rats and spontaneously hypertensive rats (SHR). Thoracic aorta rings with and without endothelium from SHR and from WKY rats were suspended in an organ bath to record the isometric tension. After an equilibration period of 120 min, the preparations with and without endothelin-1 were subjected to single and cumulative additions of norepinephrine in different experiments. To characterize the mechanisms involved in the interaction between endothelin-1 and norepinephrine, the aortic rings were pretreated with a cyclooxygenase pathway inhibitor (piroxicam, SO29548), an inhibitor of NO synthase [NG-nitro-L-arginine (NLA)], or selective endothelin receptor blockers (BQ-123 or BQ-788). In some experiments we examined the contractile responses to norepinephrine in aortas pretreated either with angiotensin II (AII) or with U46619, an agonist of prostaglandin H2-thromboxane A2 receptors. Finally, we examined the effect of the combination of calcium-entry blockade by administration of nifedipine and treatment with either endothelin-1 or U46619 on the norepinephrine reactivity. Administration of 3 x 10(-10) mol/l endothelin-1 potentiated the contractile response to norepinephrine in SHR aortas with endothelium, irrespective of whether they had been treated with NLA. No endothelin-1-mediated enhancement of the response to norepinephrine was observed in SHR denuded rings and in untreated and NLA-treated WKY rat aortas. All did not affect the response to norepinephrine in SHR rings with endothelium. The amplification by endothelin-1 of the response to (1-100) x 10(-9) mol/l norepinephrine was abolished by blockade of the cyclooxygenase pathway with piroxicam or SO29548. In WKY rat and SHR denuded aortas, 10(-8) mol/l U46619 potentiated the contractile responses to norepinephrine. Administration of 3 x 10(-6) mol/l BQ-123 abolished the increase in reactivity to norepinephrine evoked by endothelin-1 in intact SHR aorta, whereas 3 x 10(-6) mol/l BQ-788 failed to modify this potentiating effect. Administration of 10(-8) mol/l nifedipine inhibited the potentiation of the norepinephrine-induced contractions evoked both by endothelin-1 in SHR aortic rings with endothelium and by U46619 in SHR denuded rings. Our results show that a low concentration of endothelin-1 induced potentiation of the contractile response to norepinephrine in SHR aortas but not in WKY rat aortas. This response was endothelium-dependent. Furthermore, our study affords functional arguments that both endothelial and smooth muscle pathways are involved in the potentiating interaction. We propose that endothelin-1 stimulates the production of endothelium- and cyclooxygenase-generated vasoconstrictor factors, which in turn may serve directly as priming stimuli at the vascular smooth muscle level, to activate the Ca(2+)-signal pathway and consequently to increase locally the vascular sensitivity to norepinephrine.